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bstract

The lipase-mediated resolution of N-(3-cyano-2-hydroxy propan-1-yl)phthalimide using various lipases in different solvents has been studied
nd this intermediate was utilized towards the synthesis of enantiomerically enriched (R)-GABOB and (R)-carnitine in high yields.

2007 Elsevier B.V. All rights reserved.
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. Introduction

�-Amino-�-hydroxybutyric acid (GABOB) is a compound
f great pharmacological importance because of its biological
unction as a neuromodulator in the mammalian central nervous
ystem [1–4]. The (R)-form of GABOB is shown to have greater
iological activity than its S-enantiomer [5]. Moreover, the (R)-
somer of GABOB serves as a precursor for (R)-carnitine, a
ompound having high level of medical significance. Carni-
ine is a vitamin like substance and plays an important role in
onverting stored body fat into energy. Its primary physiolog-
cal function is to transport long chain fatty acids through the

itochondrial membrane [6] into the cellular compartments for
xidation where these fats can be converted into energy. More-
ver, there are several medical indications for which carnitine
as been prescribed [7,8], these include its usefulness as a phar-
aceutical for hemodialysis [9] (hypolipidemic agent), heart

iseases [7], etc.
The high biological importance associated with (R)-GABOB
nd (R)-carnitine continues to stimulate interest in many
esearch groups [10] for the development of facile, efficient
nd economic approaches for their preparation (Fig. 1). Cur-
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ently the majority of the world demand of (R)-carnitine (several
housand tonnes/year) is produced by biotransformation using a
icroorganism [10d–f].

. Experimental

Reactions involving moisture sensitive reagents were per-
ormed under an inert atmosphere of nitrogen in glassware,
hich had been oven dried. Melting points were recorded on

n electrothermal melting point apparatus and are uncorrected.
nfrared spectra were recorded on Perkin-Elmer model 683 or
310 spectrometers and are reported in wave numbers (cm−1).
H NMR spectra were recorded as solutions in CDCl3 and
hemical shifts reported in parts per million (ppm, δ) on a Gem-
ni 200 MHz, AV 300 MHz, instrument using tetramethylsilane
TMS) as an internal standard. Spectral patterns unless specified
ll solvents and reagents were of reagent grade and used without
urther purification. Spectral patterns are designated as s, singlet;
, doublet; dd, double doublet; t, triplet; br, broad; m, multiplet.
oupling constants are reported in hertz (Hz). Low-resolution
ass spectra were recorded on CEC-21-100B Finnigan Mat

210 or VG 7070H Micromass mass spectrometers. Analyt-
cal TLC of all reactions was performed on Merck prepared

lates (silica gel 60F-254 on glass). Column chromatography
as performed using Acme silica gel (100–200 mesh). Per-

entage yields are given for compounds. HPLC analysis was
erformed on an instrument that consisted of a Shimadzu LC-
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[α]D

28 = −20.7 (c 1.0, H2O); 1H NMR (200 MHz, D2O): δ 2.43
Fig. 1. Structures of (R)-GABOB and (R)-carnitine.

0AT system controller with a SPD-10A fixed wavelength UV
onitor as detector. Optical rotations were measured on SEPA-

00 (Horiba) digital polarimeter. Enantiomeric excess has been
etermined by chiral HPLC (chiral column ODH; Daicel).

.1. Synthesis of 2-oxiranylmethyl-isoindole-1, 3-dione (5)

To a stirred solution of potassium pthalimide 3 (5.0 g,
7.02 mmol) in dry DMF (50 mL), epichlorohydrine 4 (3.74 g,
0.54 mmol) was added and heated under reflux conditions
or 6 h. After completion of the reaction, crushed ice was
dded to the crude mixture, extracted with ether (3 × 100 mL)
nd dried over anhydrous Na2SO4. Purified by column chro-
atography using EtOAc:hexane (15:85) as eluent to give the

poxide 5 as a solid (4.4 g, 80%); m.p. 80–84 ◦C; FT IR (Neat):
max = 1770, 1712, 1393, 1059, 720 cm−1; 1H NMR (200 MHz,
DCl3): δ 7.90–7.82 (m, 2H), 7.76–7.67 (m, 2H), 3.97 (dd, 1H,

1 = J2 = 4.5 Hz), 3.71 (dd, 1H, J1 = J2 = 5.28 Hz), 3.22–3.15 (m,
H), 2.77 (t, 1H, J = 4.5 Hz), 2.68–2.64 (m, 1H); LCMS: 225.9
M + Na)+.

.2. Synthesis of N-(3-cyano-2-hydroxy
ropan-1-yl)phthalimide (6)

To a stirred solution of epoxide 5 (2.0 g, 10.0 mmol) in
tOH (25 mL), NaCN (0.74 g, 15 mmol) and water (30 mL)
ere added for 10 h. After completion of the reaction, water
as added to the crude reaction mixture, extracted with ethyl

cetate (2 × 100 mL) and dried over anhydrous Na2SO4. Puri-
ed by column chromatography using EtOAc:hexane (1:1) as
luent to give the �-hydroxy nitrile 6 as a solid (1.93 g, 85%);
.p. 112–114 ◦C; FT IR (Neat): νmax = 3478, 2932, 2245, 1713,

688, 1403, 1014, 715 cm−1; 1H NMR (200 MHz, CDCl3):
7.92–7.85 (m, 2H), 7.81–7.73 (m, 2H), 4.33–4.22 (m, 1H),
.92 (d, J = 5.3 Hz, 2H), 3.30 (bs, 1H), 2.73–2.53 (m, 2H); 13C
MR (50 MHz, CDCl3): δ 24.0, 43.0, 66.23, 75.0, 116.9, 123.6,
31.6, 134.4, 168.7; LCMS: 231 (M + 1)+, 253 (M + Na)+.

.3. General procedure for the kinetic resolution of
-(3-cyano-2-hydroxy propan-1-yl)phthalimide (6)

To the compound 6 (0.5 g, 2.17 mmol) was dissolved in
oluene–chloroform (30 mL, 8:2), lipase (0.5 g, w/w) and vinyl
cetate (1.12 g, 13.04 mmol) were added successively in an
rbital shaker at 30 ◦C. After about to 50% completion of

he reaction as indicated by HPLC, the reaction mixture was
ltered and washed with EtOAc. The two enantiomers were sep-
rated by column chromatography using EtOAc:hexane (1:1) as
luent afforded (R)-acetate-(R)-7a followed by unreacted (S)-

(
3
1

1
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lcohol-(S)-6b. Enantiomeric excess of (R)-acetate-(R)-7a and
S)-alcohol-(S)-6b have been determined by chiral HPLC (chiral
olumn ODH; Daicel) employing hexane-isopropanol (80:20) as
mobile phase at 0.75 mL/min and monitored at UV (254 nm).
etention times for (R)-acetate (R)-7a and (S)-alcohol (S)-6b
re 42.41 and 29.45 min, respectively.

.4. N-(3-cyano-2-hydroxy propan-1-yl)phthalimide 6a

[α]D
28 = +13.5 (c 1.0, CHCl3).

.5. N-(3-cyano-2-hydroxy propan-1-yl)phthalimide 6b

[α]D
28 = −10.5 (c 1.0, CHCl3).

.6. Synthesis of N-(3-cyano-2-acetoxy
ropan-1-yl)phthalimide (7)

To a stirred solution of �-hydroxy nitrile 6 (0.5 g, 2.2 mmol)
n CH2Cl2, acetic anhydride (0.45 g, 4.4 mmol), triethyl amine
0.44 g, 4.4 mmol) and DMAP (cat) were added successively
t 0 ◦C for 1 h. After completion of the reaction, CH2Cl2 was
dded, washed with 5% HCl, brine, NaHCO3 and dried over
nhydrous Na2SO4. Purified by column chromatography using
tOAc:hexane (30:70) as eluent to give the �-acetoxy nitrile
as a solid (0.56, 95%); m.p. 114–117 ◦C; FT IR (Neat):

max = 2247, 1743, 1713, 1396, 1223, 1039 cm−1; 1H NMR
200 MHz, CDCl3): δ 7.86–7.64 (m, 4H), 5.31–5.15 (m, 1H),
.06–3.78 (m, 2H), 2.85–2.52 (m, 2H), 2.02 (s, 3H); 13C
MR (75 MHz, CDCl3): δ 166.33, 168.01, 134.32, 131.7, 123.7,
15.73, 66.86, 39.72, 21.24, 20.72; LCMS: 295 (M + Na)+.

.7. N-(3-cyano-2-acetoxy propan-1-yl)phthalimide 7a

[α]D
28 = +25.43 (c 2.9, CHCl3).

.8. Synthesis of (R)-4-Amino-3-hydroxybutanoic acid
R)-GABOB (R)-1

The hydroxynitrile 6b (1.0 g, 4.35 mmol) was heated at 95 ◦C
ith concentrated HCl (10 mL) for 10 h. The aqueous layer was
ashed with CHCl3 (4 × 25 mL) and evaporated. The resulting

rystalline product was dried under vacuum to give (R)-GABOB
ydrochloride (0.37 g, 80%). The above hydrochloride was dis-
olved in distilled water (1 mL) and passed through a column
ontaining Dowex 50 W × 2–100 resin (6 g) followed by dis-
illed water (60 mL). The column was eluted with 25% aqueous
mmonia (20 mL) and the ammonical eluent was evaporated to
ryness under vacuum to provide (R)-GABOB (80%). Recrys-
alization of the (R)-GABOB from water–ethanol provided pure
R)-GABOB-1 as white crystals in 70% yield; m.p. 211–213 ◦C;
d, 2H, J = 5.9 Hz), 2.95 (dd, 1H, J1 = 9.66 Hz, J2 = 13.38 Hz),
.18 (dd, 1H, J1 = 3.72 Hz, J2 = 13.38 Hz), 4.10–4.30 (m, 1H);
3C NMR (50 MHz, D2O): δ 42.3, 44.0, 65.5, 178.5; mass (EI):
18 (M+−H), 74, 60, 43.
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Table 1
Transesterification of N-(3-cyano-2-hydroxy propan-1-yl)phthalimide (6) with various lipases in toluene

Entry Lipasea Time (h) Alcohol Acetate Conversion c (%) E

Yieldb (%) eec (%) Yieldb (%) eec (%)

1 PS-C 70 44 >99 46 >99 50 1055
2 PS-D 100 50 90 40 >99 48 624
3 PS 120 60 82 30 95 46 98
4 AK 168 44 90 47 90 50 58.38
5 P 168 80 15 12 98 13.2 10.12
6 Lipozyme 168 88 06 08 89 6.3 18.36
7 AYS 168 69 13 23 54 19 3.76
8 CRL 168 68 14 25 51 22 2.24
9 CAL-B 168 90 03 02 23 11.5 1.64

a Pseudomonas cepacia lipase immobilized on diatomite (PS-D), Pseudomonas cepacia (PS), Pseudomonas cepacia lipase immobilized on modified ceramic
particals (PS-C), Pseudomonas fluorescens lipase (AK) are obtained from Amano Pharmaceutical company, Japan, Pseudomonas fluorescens lipase immobilized in
sol–gel-AK on sintered glass (P), lipase immobilized from Mucor meihei (Lipozyme), Candida antartica lipase immobilized in sol–gel-AK on sintered glass (CAL
B
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and it was observed that the transesterification in hydrophobic
solvents such as toluene, diisopropyl ether, and hexane not only
provided good yields, but also high enantiomeric excess for both
(S)-alcohol and (R)-acetate. However, the hydrophilic solvents

T
E

E

1
2
3
4
5
6
7
8

) are from Fluka, Candida rugosa lipase (CRL) (Sigma).
b Isolated yields.
c Determined by chiral HPLC (chiral column ODH; Daicel) employing hexane

.9. Synthesis of (R)-carnitine (R)-2

Methylation of (R)-GABOB-1 (0.5 g, 4.8 mmol) was carried
ut by reported method to furnish (R)-carnitine-2 (0.42 g; 60%
ield); m.p. 140–142 ◦C; [α]D

25 = −20.5 (c 1.0, H20) {lit.[10a]
.p. 144–146 ◦C; [α]D

25 = −23.9 (c 0.86, H2O)}; 1H NMR
200 MHz, D2O): δ 2.60–2.70 (m, 2H), 3.24 (s, 9H), 3.48–3.55
m, 2H), 4.60–4.75 (m, 1H); 13C (D2O): δ 5.8, 56.9, 66.9, 73.0,
80.9.

. Results and discussion

In continuation of our earlier efforts [11] towards the prepara-
ion of biologically important compounds or their intermediates
y using enzymes, we herein wish to report an efficient syn-
hesis (R)-GABOB and (R)-carnitine. �-hydroxynitriles have
mportance both as reagents and as technical products in organic
hemistry and have been extensively investigated and employed

n synthetic organic chemistry for the preparation of inter-

ediates of many naturally occurring bioactive compounds.
herefore, (R)-GABOB has been synthesized using optically
ure N-(3-cyano-2-hydroxy propan-1-yl)phthalimide.

able 2
ffect of solvents on the transesterification of N-(3-cyano-2-hydroxy propan-1-yl)pht

ntry Solvent log P Time (h) Alcohol

Yielda (%) ee

Toluene 2.5 70 44 >9
Diisopropylether 1.9 168 65 7
Hexane 3.5 168 48 8
Diethyl ether – 168 40 9
Chloroform 2.0 168 54 6
Acetone −0.23 168 86 1
Tetrahydrofuran 0.49 168 90 0
Dioxane −1.1 168 91 0

a Isolated yields.
b Determined by chiral HPLC (chiral column ODH; Daicel) employing hexane-isopr
ropanol (80:20) as mobile phase at 0.75 mL/min and monitored by UV (254 nm).

Accordingly, epoxide 5 was prepared from potassium phthal-
mide 3 with epichlorohydrin 4 in DMF under reflux conditions
n quantitave yield. Epoxide 5 was then treated with NaCN in
thanol gave �-hydroxy nitrile 6, which was resolved enzymat-
cally using different lipases (Table 1). Among all the lipases
creened, lipase from Pseudomonas cepacia immobilized on
odified ceramic particles (PS-C) also known as Burkholderia

epacia gave good conversion and high enantiomeric excess.
urthermore, the effect of solvents has also been investigated
Fig. 2. Preferred enaniomer of 6 using lipase PS-C.

halimide (6) by lipase PS-C

Acetate Conversion, c (%) E

b (%) Yielda (%) eeb (%)

9 46 >99 50 1055
0 14 95 42 80.55
3 44 86 49 33.18
9 53 84 54 59
9 38 95 42 857
1 07 >99 10 222
4 03 >99 4 21
4 03 >99 4 21

opanol (80:20) as mobile phase at 0.75 mL/min and monitored by UV (254 nm).
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cheme 1. Reagents and conditions: (i) DMF, reflux, 6 h (80%); (ii) NaCN, E
queous NH3 (25%), MeOH, 0 ◦C to rt (90%); (b) Concentrated HCl, reflux 10

uch as THF or dioxane gave low yields, particularly the (R)-
cetate and as a result the enantiomeric excess of (S)-alcohol
as also greatly reduced. Therefore, toluene appears to be the

olvent of choice for this type of a transesterification with regard
o yields and enantiomeric excess (Table 2).

Alcohol 6 upon enzymatic resolution gave alcohol 6a in
99% and acetate 7a in >99%, respectively (E = 1055). The
tereochemical preference of PS-C during kinetic resolution was
n line with Kazlauskas’ rule (Fig. 2) [12]. These two enan-
iomers were separated by column chromatography. The acetate
a was hydrolyzed using aqueous NH3 (25%) in methanol gave
lcohol 6b. Further, alcohol 6b was hydrolyzed using concen-
rated HCl under reflux conditions gave (R)-GABOB (R)-1,
hich on methylation gave (R)-carnitine (R)-2 (Scheme 1).

. Conclusion

In summary, an efficient method for the preparation of (±)-N-
3-cyano-2-hydroxy propan-1-yl)phthalimide and its successful
nzymatic resolution have been described. This lipase-mediated
ransesterification process has been optimized with respect to
ifferent lipases and solvents. Furthermore, enantiomerically
ure N-(3-cyano-2-hydroxy propan-1-yl)phthalimide has been
mployed in the preparation of (R)-GABOB and (R)-carnitine.
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